Abstract: This paper aims to propose a methodological lens to the assessment of technological innovations in healthcare based on the principles of social, economic, and political sustainability. Starting from the consideration of a lack of a unified interpretative framework of health technology assessment, using a content analysis of the relevant literature on the topic, we identified both the scientific perspectives adopted by the scholars and the most widely discussed topics. Consequently, the less explored scientific areas were framed, and, therefore, those more susceptible to further investigation came to light. The result is an overall picture which highlights the absence of unified and generally accepted approaches to evaluation, together with the lack of awareness on the fact that the multiplicity of methods adopted is essentially connected to the multiplicity of innovations, for each of which a method (or a set of methods) of preferable evaluation can be prefigured. Based on these observations, we propose a general reference framework for evaluation, based on the Viable Systems Approach (vSa), and a schematic outline of the connections between the complexity of innovations and the evaluation methodologies.
Introduction
The increasing attention to the treatment and care of patients makes central the role of healthcare technologies, as they are in constant development [1] . Indeed, technology has the potential to enhance efficiency and effectiveness in multiple areas of healthcare, and represents a great opportunity to improve the patient care and to increase the efficiency and effectiveness of all healthcare stakeholders, including policy makers, regulatory authorities, payers, and physicians [2] . Remote sensors, robotics, genomics, stem cells, and the availability of big data are just some of the innovations in this sector [3] . Only considering artificial intelligence, there are already numerous examples of how it can enhance the medical profession. Robot-assisted surgery, virtual nursing assistants, and technologies are able to identify changes in the usual behavior of patients; it also opens a wide debate on ethical and social challenges [4] . However, technology alone cannot improve the whole healthcare system, and a successful implementation requires a complete understanding "a priori" of the technology capabilities and its application [5] . Moreover, the economic and health policy issues increasingly influence healthcare technology solutions, with the aim to keep the healthcare quality high and the costs under control, especially regarding the pharmaceutical sector [3] .
Considering the complexity of the healthcare context, the Health Technology Assessment (HTA) has been developed as a set of techniques able to support decisions regarding health policy, pushed by two driving forces: one relates to the more and more serious budget constraints due to the recession; the Starting from this, we noted the lack of a holistic vision in HTA techniques able to understand-even if not able to quantify, as in the ambition of the cost-benefit analysis-the multiplicity of subjects and effects of innovation in healthcare. In this regard, we propose a rereading of the existing evaluation methods, through the interpretative lens of the Viable Systems Approach (vSa) [22] [23] [24] , with the aim to consider, in this complex scenario, the multiplicity of entities and effects that over time are influenced by new technologies. A systems approach to decision-making is suggested, able to consider economic, social, and political aspects together with relations and interactions between them [25] .
Few contributions address the topic of healthcare in a systems perspective and together with the topic of evaluations: in this sense, vSa becomes a bridging concept by the means of which the sustainability perspective can be incorporated into the management control system of healthcare organizations [26] .
Based on previous considerations, the paper is structured as follows: Section 2 introduces the methodology adopted herein for a content analysis of the literature contributions on HTA. Thereafter, the viable systems approach is presented, as a theoretical framework for the analysis of health technology assessment, in the light of sustainability issues. Finally, a re-reading of healthcare assessment methods is proposed. The paper concludes with a discussion and conclusions.
Materials and Methods
In order to carry out a content analysis of the relevant literature on the topic, we used the textual contents of the scientific contributions on the analysed subject/topic, derived from the set of keywords, consisting of the author keywords plus those provided by Scopus through the encoding of the abstracts and the titles of the bibliographic references, contained in each recorded contribution. We used the method of co-occurrence of the keywords as a basis for the analysis, with the aim of identifying the scientific perspectives adopted by the scholars and the most widely discussed topics and, consequently, discerning the less explored scientific areas and those more susceptible to further investigation. The method adopted herein was the content analysis [27, 28] , modified due to the availability of textual data already codified by third parties. This change appears to provide a number of advantages: it abstracts from the subjectivity of those who carry out the codification; it guarantees the repeatability of the analysis, as the text bases are publicly available; it calls for the progressive formulation of hypotheses according to the discovery principles of grounded theories [29, 30] .
Data Collection and Methodology
The multidisciplinary nature of the topic made it necessary to limit the research to the contributions that are most consistent with the objectives of our work (the "Health Technology Assessment" query on Scopus returns 4511 results without limitations, 2/3 of which in the medicine area).
Therefore, data were collected through a research on Scopus using the query TITLE-ABS-KEY ("health technology assessment") AND (LIMIT-TO (SUBJAREA, "ECON") OR LIMIT-TO (SUBJAREA, "SOCI") OR LIMIT-TO (SUBJAREA, "BUSI") OR LIMIT-TO (SUBJAREA, "DECI")) AND LIMIT-TO (DOCTYPE, "ar")).
The results were 212 contributions, in the subject areas of Economics, Econometrics and Finance, Social Sciences, Business, Management and Accounting and Decision Sciences. We exported the results, choosing to consider all of the available information, except the index keywords (as to only analyse the author keywords), in CSV (Excel) format.
The data collection method, being based on the Scopus database, is subject to the shortcomings of the database itself, most notably the presence of duplications. For example, one study found 12% of the records in the seven Scopus-indexed journals to be duplicate [31] . As to solve the problem of data duplication, Vuong et al. [32] introduced an open database of the scientific output of Vietnamese researchers, using scientist's self-reports, open online sources, and cross-checking with Scopus database. Given the size of the sample in our study, it was possible to verify the presence of duplications directly in the exported CSV file from Scopus and edit it accordingly.
The adapted version of the content analysis required the use of the VosViewer software [33, 34] , developed with the specific purpose of constructing, displaying and making publicly available bibliometric maps. VosViewer software provides distance-based bibliometric maps, e.g., graphical representations, in which the importance of a term is represented by its size, and the distance between two terms reflects the strength of the relationships between them: the smaller the distance, the more intense the relationship that binds them.
For the type of the analysis, we used the co-occurrence model of the author keywords in fractional counting. Aiming to regroup the same keywords expressed in different ways (e.g., Health Technology Assessment, HTA) and delete the keywords not strictly relevant to the purposes of this article (for example those that indicate the specific geopolitical areas or specific pathologies) we created a thesaurus, as presented in Table A1 . The resulting keywords were 1724, 160 of which repeated at least five times, allowing us to obtain the map represented in the "density visualization" mode ( Figure 1 ) and in the "network visualization" mode ( Figure 2 ) (keywords extracted: 104). The map has been made publicly available, as seen in the Supplementary Materials section.
We made available, in Table A2 , all of the 212 contributions considered in the content analysis, displaying the weight of each contribution with regards to total link strength and citations, as to show the closeness of data points. Table 1 shows the strength of the links of the main keywords with the keyword "Health Technology Assessment". Data in Table 1 essentially show two scientific areas: that of decision-making to support health policy for the design of effective and efficient Health Care Systems, in which ethical issues are very important, and that of evaluation techniques and implementation of results with methodological insights and adaptations to local situations (Cost Benefit Analysis, Economic Evaluation, Reimbursement). 
Results
The analysis carried out highlights two fundamental aspects of the problem:
• the lack of a holistic approach which, starting from evaluation methodologies able to embrace the complex of direct and indirect effects of the introduction of an innovation in healthcare on all the actors involved, constitutes a general and commonly accepted framework of reference; and • the lack of awareness that the multiplicity of the methods adopted derives from the multiplicity of the characteristics of the innovations, for each of which specific methods are preferable.
Regarding the first aspect, the principles of the vSa described below are certainly helpful. Regarding extremely differentiated fields of investigation, far from the ambition of realizing a taxonomy of the innovations in healthcare to each class of which linking a particular evaluation technique, the considerations of Section 3.2 below are, however, possible.
The vSa as a Framework for the Analysis of Unified Health Assessment
As emerges from the above, the fundamental Health Technology Assessment seems to be focused mainly on cost-effectiveness considerations rather than on the assessment of the benefits of technology. Considering also the lack of an interpretative framework of HTA based on the principles of social, economic, and political sustainability [25] , we aim to propose a methodological lens to the analysis of unified healthcare assessment that overcomes a reductionist approach to the study of this phenomenon and its related issues. Specifically, we believe an inclusive and holistic conceptual framework is needed, able to consider the variety of dimensions, which are the subjects and the effects that, over time, are influenced by the introduction of a new technology or a new drug in healthcare context. In this sense, as shown in Figure 3 , we need to shift the focus from efficiency and effectiveness concepts to that of sustainability in the Healthcare Technology Assessment, incorporating the politico-institutional suprasystems, until now neglected [25] .
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As emerges from the above, the fundamental Health Technology Assessment seems to be focused mainly on cost-effectiveness considerations rather than on the assessment of the benefits of technology. Considering also the lack of an interpretative framework of HTA based on the principles of social, economic, and political sustainability [25] , we aim to propose a methodological lens to the analysis of unified healthcare assessment that overcomes a reductionist approach to the study of this phenomenon and its related issues. Specifically, we believe an inclusive and holistic conceptual framework is needed, able to consider the variety of dimensions, which are the subjects and the effects that, over time, are influenced by the introduction of a new technology or a new drug in healthcare context.
In this sense, as shown in Figure 3 , we need to shift the focus from efficiency and effectiveness concepts to that of sustainability in the Healthcare Technology Assessment, incorporating the politico-institutional suprasystems, until now neglected [25] . Accordingly, we propose a systems view, able to highlight key elements of analysis to any system's functioning in a social as well as economic context [35, 36] . Accordingly, we propose a systems view, able to highlight key elements of analysis to any system's functioning in a social as well as economic context [35, 36] .
Among systems view, the one adopted herein is the one of Viable Systems Approach (vSa) [22] [23] [24] 37] . It is a meta-level lens, with respect to the specific observed phenomena, that provides general useful interpretation schemes.
The Viable Systems Approach, starting from Stafford Beer's Viable System Model [38] , proposes several conceptual innovations, which can be summarized in the following principles [39] :
• Survival: a viable system has the aim to survive in a specific context; • Eidos: from an ontological viewpoint, a viable system can be considered in both a structural and a systemic perspective; • Isotropy: in terms of behavior, a viable system distinguishes an area of decision-making and one of acting; • Acting: its aim is to reach a result, an objective, through the interaction with supra and subsystems from which the system receives, but to which it also supplies, indications and rules; and • Exhaustiveness: external entities are also viable systems, which are components deriving from a superior level.
From the principles explained above, it emerges that, in the vSa perspective, every entity capable of action (viable system) can be observed both in its structural configuration (static perspective) and in its becoming (dynamic perspective). The static perspective pertains to the structure and describes a viable system "as it is", allowing the identification of a physical boundary between what it is internal and external to the structure. Conversely, the dynamic perspective regards the system, understood as a "specific structure oriented to the achievement of a purpose", namely survival [39] . The structure-system dualism generates a conceptual dichotomy between relation and interaction. The relation has a "structural", static and objective nature, and it is configured as a physical or logical connection between the components of the structure. The interaction, instead, presupposes a relation and it is a dynamic and "systemic" concept that takes on different connotations, according to the perspective of the observer.
Furthermore, from a systems view, environment and context are two different concepts. The context is the result of a process of perception and subjective interpretation of the environment by the decision-maker of a viable system. The decision-maker filters only the entities considered relevant from the environment, thus identifying other viable systems with which to relate, the so-called supra-systems. They are systems capable of projecting their expectations on another system, which is qualified as a subsystem. The relevance depends on the ability of each suprasystem to condition the chances of survival of the considered viable system. It is also possible to measure the degree of relevance by referring to the resources released by the suprasystems, according to their ability of affecting the considered system's survival. In this sense, within the context of reference different actors mature different expectations with respect to the same viable system. These expectations translate into the ability of the viable system itself to ensure targets of efficiency, effectiveness, and sustainability.
These three dimensions can be defined as follows [2, 40] : Bringing back these definitions to the vSa perspective, the objectives of efficiency can be measured with reference to the structure, while the effectiveness of the viable system is realized and measured with regard to its specific context of reference. Thus, it is possible to achieve sustainability objectives in relation to the general environment. From the above it derives that pursuing sustainability objectives is fundamental and functional to guaranteeing the conditions of viability and, therefore, the survival of the system [41, 42] .
In fact, in this case, we mean sustainability as a simultaneous achievement of economic, social and environmental sustainability, paying specific attention to the politico-institutional suprasystems, whose resources are critical for the system functioning and may consequently exert an influence on its survival and evolutionary dynamics.
Therefore, economic sustainability refers to the operating structure, where the achievement of conditions of economic-structural efficiency is a priority. Social sustainability adopts a vision oriented towards the systemic effectiveness of the context. Environmental sustainability, by incorporating the political dimension, has a broader scope and refers to long-term survival and long-term systemic balance.
In summary, in a Viable Systems Approach perspective, the search for sustainability is to be attributed to the search for the right relationships (defined as consonance) and the right interactions (defined as resonance) with the other systems within a specific context.
Thus, based on this general framework, in the next section we will propose a critical and holistic analysis for a unified health assessment, in a complex decision-making scenarios, such as HTA, that can harmonize a variety of resources, skills, expertise, interests, and expectations, reconciling the typically opposite targets of efficiency, effectiveness, and sustainability [2] .
A Systems Approach to Health Evaluation Methods
The analysis in Section 2 shows that the most widespread methodologies for health assessment are limited to one-dimensional measurements of efficiency, inspired by the simple relationship between costs and results. Among them, the most common evaluation methods used for the assessment of new medical devices or drugs are the cost-effectiveness-analysis (CEA) and the cost-utility analysis (CUA) [43] .
CEA defines the outcomes of an innovation in medicine according to specific dimensions (for example: delay in aggravating a syndrome, deferral of the time of surgery, effects of prevention programs, etc.).
Instead, the outcomes of the CUA are measured as health-related preferences, described as Quality Adjusted Life Years (QALYs) or Quality Adjusted Life Expected (QALE) gained; in fact, this method assumes that health is a function of length and quality of life and combines these values into a single index number.
In addition to the most commonly used methods, many other propositions can be found in literature, some of which are also sporadically used by the agencies of the different countries.
Among them, the Cost Consequence Analysis (CCA) does not attempt to summarize outcomes in a single measure (such as the QALY) or in financial terms. Instead, its outcomes are shown in their natural units (some of which may be monetary) and it is left to decision-makers to determine whether a treatment is worth being carried out. Consequently, CCA poses on the evaluator the problem of aggregating, weighing, and evaluating the components, data, and outcomes.
Apart from CUA, which summarizes the effects of an initiative in QALY, both CEA and CCA are susceptible to a further step, consisting in the treatment of their results with the multi-criteria analysis (Multiple Criteria Decision Analysis, MCDA) that is recently expanding into the field of drug and health-related assessments [44] [45] [46] . The definition of MCDA encompasses a wide range of different approaches. However, Garattini and Padula [47] criticize its use in HTA, because the main intrinsic limit for health policy decisions on new technologies is the lack of key information at the early stage of market approval.
The databases that can be used, regardless of the evaluation method, comprise data from a variety of sources, including, but not limited to, clinical trials and observations. It is worth noting that there are two basic approaches to economic evaluation. In trial-based studies, economic data (e.g., resource utilization, and quality of life) are collected alongside a single clinical study, usually a controlled clinical trial. In modelling studies, data from a wide range of sources (e.g., existing clinical trials, observational studies) are synthesized using an economic model [12] ; the authors also conclude that the two approaches are complementary and not mutually exclusive.
A separate analysis deserves the cost benefit analysis (CBA) which is not affected by the limitations of the efficiency measurements of the cited methods, being by its nature aimed at considering the complex impact that any investment (in our case in medicine) produces on the well-being of the community that benefits from it. However, the recognized difficulties in applying the cost-benefit analysis, mostly deriving from the ambition to assign a monetary value to each of the expected effects, is amplified in the case of innovations in health systems for a series of ethical issues that its application raises, first of all the ones related to the evaluation of human life [48, 49] .
We believe that the QALY/CUA can be used on the condition that the assertion of every QALY having the same value regardless of the condition or the personal characteristics of the population treated (age, sex, severity of disease, level of deprivation, or other characteristics) is exceeded. Therefore, the QALY, as a direct effect of the new technology, must be quantified in a systems perspective, such as the proposed one of the vSa, with reference to:
• the indirect effects, related not only to the patient, but also to the organization that provides care; and • the indirect costs of the disease (e.g., caregivers, etc.), on the consequences of the patient's family entourage.
This, mainly, in order to overcome the first flaw identified by Drummond and Sculpher [12] consisting in the "omission of important costs or benefit". Furthermore, the sustainability of the process must be considered in terms of the anthropic environment regarding the entire life cycle. Table 2 summarizes the different evaluation methods analysed so far and the related measures. As emerges from Table 2 , the most used evaluation methods for HTA consider measures usually related to effectiveness. The proposed theoretical view of HTA, by referring to vSa principles, considers sustainability intended as the consideration of the political dimension in the assessment procedures, together with the economic and social aspects [25] .
With the term political sustainability, in fact, it is to be intended the development and maintenance of the political will necessary to sustain a major policy direction in the health care system [25, 50] .
The vSa and its conceptualizations highlight key elements that allow the definition of a more appropriate approach to Health Technology Assessment. In fact, the general view of vSa considers the different perspectives, the priorities, and the mechanisms of influence of all the suprasystems in the HTA.
Consistently with a vSa view, the viability of the Healthcare system linked to the inclusion of social and political dimensions implies the shift from Health Technology Assessment (HTA) to Health Technology Sustainability (HTS), as there cannot be healthcare sustainability without health technology sustainability, and vice versa [51] .
Accordingly, from the above several implications derive:
the consideration of all the dimensions of evaluation processes; in particular, efficiency and effectiveness are enhanced by including the sustainability perspective [2] ; -because of the previous point, the simultaneous consideration of all the suprasystems involved in healthcare system, both as users and as decision-makers; andbased on systems thinking, the evaluation of healthcare system in its both structural (efficiency perspective) and systemic (effectiveness and sustainability perspective) configuration.
In this regard, the proposed unified health assessment in a vSa framework presupposes the use of a new perspective that adds the political dimension to the pre-existing economic and social aspects, thus proposing an evaluation based on Cost per Unit Change expressed in terms of Quality Adjusted Life Year (QALY).
In line with the considerations proposed above, this new approach might be able to overcome the limitations of every QALY having the same value, thus quantifying the indirect effects of medical treatments, in a systems perspective.
Discussion, Limitations, and Future Lines of Research
The criticism of the methodological aspects of evaluating innovations in healthcare, and the continuous search for changes or alternatives to existing techniques seem to derive from the lack of awareness of the multiplicity of possible innovations with various characteristics, rather than from their intrinsic limitations. This means that for each of them it is necessary to identify the most appropriate methods among the existing ones. If, for innovations with high technological contents (e.g., high cost), and high social, economic and political impacts, a systems approach that considers the multiplicity of effects on the multiplicity of stakeholders involved is necessary, for procedural innovations of low cost and limited impact (for example procedures in the limited area of a hospital) simpler techniques are enough. This is also because evaluation procedures have costs that must be proportionate to the expected benefits. In this context, it should be noted that the cost of evaluation is mostly linked to the retrieval and systematization of data and information necessary for the evaluation itself, while only in residual part is attributable to the calculations. Whereas data and information can be used in different evaluation techniques, it is appropriate to apply them all: the result of each contributes to enrich the information flow for decision-makers.
Where replicated with reference to a larger sample (e.g., other disciplines, other areas, etc.), the analysis should be carried out employing different techniques, or a database able to exceed the limits of Scopus, connected to issues of duplications, delay in database update, and substantial costs [32] .
Further limitations of present work could deal with the absence of a deeper analysis based on multivariate analysis on major components analysis, although Vosviewer Software still gives information about total link strength and citation, and closeness of data points.
Future lines of research will be focused on the number, the different nature, and the different degrees of complexity of innovation to be evaluated, as well as on the corresponding number and different nature of the decision-makers involved, whose decisions, depending on their role, produce effects on very different scales. This will imply the creation of a taxonomy of innovations, on one hand, and the analysis of roles and composition of decision-makers on the other. In fact, the possible numerous intersections between the objects (innovations) and the subjects (decision-makers) seem to be the starting point for the realization of reliable assessments, under the constraint of limited resources, and the related need to contain costs. Funding: This research received no external funding.
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